Background and Objectives: The aim of the present research is to study the questions used in the 2018 MIR exam (a test that allows access to specialized medical training in Spain), describe their psychometric properties, and evaluate their quality. Materials and Methods: This analysis is performed with the help of classical test theory (CTT) and item response theory (IRT). The answers given to the test questions by a total of 3868 physicians are analyzed. Results: According to CTT, the average difficulty index for all of the test questions was 0.629, which falls into the acceptable category. The average difficulty index with correction for random effects was 0.515, which corresponds to a value within the optimal range. The mean discrimination index was 0.277, which is in the good category, while the mean point biserial correlation coefficient, with a value of 0.275 fits in the regular category. The values of difficulty and discrimination calculated according to the model of two parameters of the IRT seem adequate with average values of −0.389 and 0.677. The Cronbach alpha score obtained for the overall test was 0.944. This value is considered as very good. Conclusions: A decrease was observed in the average values of discrimination in the last three calls, which may be related to the greater proportion of Spanish graduates that take the exam in the same year of finalization of their studies in Medicine.
Introduction
In Spain, in order to practice as a medical professional, in addition to having a degree in Medicine, it is necessary to have a specialist degree. All the degrees and Master's programs offered by universities in Spain must be approved by ANECA, (Agencia Nacional de Evaluación de la Calidad y Acreditación), an autonomous organization affiliated to the Ministry of Science, Innovation and Universities. All of the Medicine faculties in Spain use study plans that are based on directive RD1417/1990. This directive details the subjects to be studied and the number of hours required for each of these. A maximum and a minimum number of hours is specified, which gives a certain degree of freedom to each center. At the end of their studies, after six academic years, students receive a degree that is equivalent to a Bachelor's plus a Master's degree. With this degree, they are able to apply for a specialized medical training position. Spain belongs to the European Higher Education Area, which currently comprises a total of 48 countries, and degrees in Medicine, like other university degrees, are in line with those in other countries in the Area.
Since 1978 [1] , access to specialized medical training in Spain has been done through the MIR test [2] [3] [4] [5] [6] . This test is convened by the Ministries of Health and Education and is held annually. In the case of the 2018 call, this was made by means of Order SCB/947/2018 of 7 September and was published in the Official State Gazette on 14 September 2018.
From 2009 to 2018, the exam has comprised a total of 235 questions, of which the last 10 are reserve questions. They belong to different subjects and cover all specialties of Medicine. One of the weaknesses of the test is that these questions have still not been calibrated. There is a technical committee that reviews the claims of exam candidates about different questions after the test, and it can cancel questions that are either potentially incorrect or confusing. One of the strengths of the MIR exam is that it is transparent, thus all the stakeholders know the rules and how it is scored.
The aim of the MIR test is to allow the ordination of the candidates in a list that permit the selection of medical specialty. The selection is performed considering both the marks obtained by the candidate in their degree (weighted value of 10%) and the result of the exam (weighted value of 90%). Specialty selection is performed according to the total marks obtained, starting with the highest and then followed in decreasing order. Due to the great importance of this test for the future of the exam candidates, they put a great deal of effort and attention into studying for it when they start their sixth and last year of the degree.
The number of candidates admitted to the test in 2018 was 15,519, of whom 14,187 took the exam and opted for one of the 6797 places available. Of those taking the exam, 10,273 were Spanish doctors (72.41%) and 3914 were foreign physicians (27.59%). In 2018, the cut-off grade was 65 net points. The net points are calculated by subtracting one-third of the wrong questions from the total number of correct answers. The cut-off point led to the direct elimination of 2983 applicants (21.03%), leaving them with no chance at all to choose a place for their specialized training.
Once the test has been passed, the specialty training programs can be accessed in different hospitals all around the country and are relatively homogeneous. All hospitals in which the training is conducted must undergo periodic evaluations to maintain their accreditation. In the rest of the countries of Europe, there is great variability in the form of access to specialized medical training, thus, it is currently not possible to speak of a common European model of access to medical specialties.
In this study, the test questions were analyzed with the help of both classical test theory (CTT) [7] and item response theory (IRT) [8] and then compared to the metrics of previous years' exams. It should be noted that while CTT is based on the evaluation of the accuracy and reliability of the test measurement, IRT focuses on studying the performance of a set of individuals before a test and determining how it is possible to measure the relationship between a hidden trait (knowledge of the subject matter of the evaluation) and the probability of subjects answering the proposed questions correctly. This relationship is given by the item response function [8] .
Materials and Methods

The Examination Under Study
As in the previous test from 2009 onwards, the MIR 2018 exam was comprised of a total of 235 questions, of which the last 10 were reserve questions. Since five were cancelled, the number of questions under consideration in this study was 230.
Database
The answers given to the different test question were provided by a total of 3868 participants, who voluntarily entered them into an ad hoc web application developed by the company Cursos Intensivos MIR Asturias (Oviedo, Spain). This sample represents 27.31% of the total number of applicants who took the test all around the country. The task of entering the answers for the complete test into the web application took from 10 to 20 min. It is possible that mistakes could be made in the process of entering the answers. However, we believe that there were probably few errors. As they were able to obtain their mark in advance by participating in the study, it is likely that they provided accurate information. It was possible to amend an answer selected in case of error. Please note that participants were not recruited in a formal way, anybody who had performed the test and wanted to know his/her mark in advance of the official results, was able to introduce their answers on the web.
Data Analysis
Reliability
Since the purpose of the MIR exam is to rank doctors depending on their knowledge, and to enable access to their choice of a specialized training place, it is of interest to find out how reliable this test really is. The reliability of a test is defined as the consistency with which it is able to measure a given variable. The determination of this reliability was made by means of the coefficient α proposed by Cronbach. It is expressed as follows [7] ,
where K is the total number of questions in the test, n j=1 σ 2 j is the sum of the variances of the n items for each question, and σ 2
x is the variance of the total test scores. Cronbach's α values are between 0 and 1. The closer to 1, the more reliable the test will be.
Difficulty Index
The difficulty index of an item is defined as the proportion of individuals who match it out of all those who take the test. It is expressed by means of the following formula [7, 9] :
where A is the number of individuals who answer the question correctly., and N is the number of individuals who submit the test.
Difficulty Index with Correction of Random Effects
The calculation of the difficulty index with correction for the effects of chance was carried out with the help of the following formula [10] :
where A is the number of subjects who answer the item correctly; E is the number of subjects who incorrectly answer the item; K is the number of response alternatives to the item, four in the case of this study; and N is the total number of participants in the test.
Discrimination Index
The discriminatory capacity of a question is of great importance in determining its contribution to the management of the individuals being tested. For the purposes of this paper, the following index was used [10] :
where F is the number of correct answers in the strong group, D is the number of correct answers in the weak group, N 1 is the number of individuals answering the question in the strong group, regardless of whether they are right or wrong, and N 2 is the number of individuals who answered the question in the weak group, regardless of whether or not they got it right. The strong group is defined as the 27% of individuals who answered the greatest number of questions in the test correctly, and the weak group is defined as the 27% of individuals who answered the least number of questions correctly.
Point Biserial Correlation Index
The point biserial correlation index relates the global result of the test for the subjects who get the analyzed question right to that of those who get it wrong [8] . The formula used was [7] 
where µ p is the average test score of the subjects who answer the item correctly, µ q is the average test score of subjects who fail to answer the item correctly, σ x is the standard deviation of the total test score, and ID is the difficulty index of the item defined as the number of subjects who answer the item correctly versus the total number of subjects taking the test.
The Two Parameter Model of IRT
The main usefulness of IRT lies in its ability to predict the probability of success of the exam participants in the questions to which they are exposed, according to their level of knowledge. From the experience acquired by the authors in previous studies [11] [12] [13] , it was decided to make use of the logistic model of two parameters (2PL) [8] :
where θ i is the level of knowledge of the ith subject examined, a j is the discrimination value of the j-th question, and b j is the difficulty level of the j-th question. The probability of a certain individual getting a question right depends as much on the characteristics of the question as on the level of knowledge of the individual. Table 1 presents an assessment of the difficulty indices by category. The categorization for the difficulty index, the difficulty index with correction of random effects, the discrimination index, and the point biserial correlation index correspond to a well-known classification [7] that has been used by authors in previous studies [7, 9, 14] . Finally, the categories of the IRT discrimination index were proposed by the authors in a previous paper [14] . 
Results
Analysis of Exam Questions
The overall reliability of the examination was assessed using the Cronbach alpha coefficient, whose value was 0.944. This value can be considered as very good. Figure 1 shows the distribution by category of the test questions according to difficulty and discrimination. With regard to the difficulty index, the majority of the questions (53.04%) fell within the category considered acceptable. For the difficulty index, which took into account the correction of the effects of chance, 80 questions, 34.78%, belonged to the category considered as optimal. The extreme categories (very easy and very difficult) accounted for only 26.52% of the total number of questions analyzed. One hundred and forty-four questions, 61.74%, had a discrimination index that is considered good or excellent. Regarding the point biserial correlation coefficient, 95 questions (41.30%) were considered to be good or excellent, 73 questions (31.74%) belonged to the regular category, the most frequent category for this index, and there are 62 questions that were classified as poor or bad (26.96%). The classification of the questions according to the IRT discrimination index was quite similar to that obtained by means of the point biserial correlation, where 39.57% of the questions were classified as good or excellent, 36.52% of the questions were classified as regular, and 23.91 % were classified as poor or awful. 
Analysis of Exam Questions Grouped by Subject
The MIR 2018 exam questions refer to a total of 36 subjects grouped in three blocks (see Tables 2  and 3 ). The Systems (associated with medical and surgical specialties) block contained the greatest number of questions in this test with 46.52%, followed by Other specialties with 42.18%, and finally, Basic subjects with 11.30%. Tables 2 and 3 show the average indices of difficulty, difficulty with correction of random effects, discrimination, and point biserial correlation as well as the indices of difficulty and discrimination calculated according to the two-parameter model of IRT, for each Subject.
When we analyzed the average difficulty index of the questions divided by subject, we observed that there were four that could be classified as easy (Communicative Skills, Bioethics, Anesthesiology, and Genetics), nine that, on average, presented optimal difficulty (Emergencies, Palliative, Preventive, Pediatrics, Oncology, Pharmacology, Immunology, Clinical Management, and Infectious Diseases) as well as only one subject that was considered difficult (Vascular Surgery). The remaining 22 subjects presented an acceptable average level of difficulty.
Regarding the average difficulty index with correction of the random effects, two of the subjects were classified as very easy (Communicative Skills and Bioethics), three as easy (Anesthesiology, Genetics and Ophthalmology), five as difficult (Anatomy, Dermatology, Pathological Anatomy, Geriatrics, and Vascular Surgery), while the remaining 26 were classified as optimal.
With regard to the average discrimination rate, the division of the subjects was quite balanced, with 13 subjects in the excellent category (Communication Skills, Legal Medicine, Emergencies, Palliatives, Oncology, Geriatrics, Plastic Surgery, Bioethics, Anesthesiology, Psychiatry, Rheumatology, Pediatrics, and Traumatology), nine subjects that could be considered good (Gynecology and Obstetrics, Neurology, Nephrology, Preventive, Ophthalmology, Clinical Management, Pneumology, Maxillofacial Surgery, and Hematology), and ten others that should be reviewed (Infectious Diseases, Otolaryngology, Endocrinology, Digestive, Immunology, Cardiology, Genetics, Physiology, Biochemistry, and Pharmacology). Finally, four subjects were classified as poorly discriminated (Dermatology, Vascular Surgery, Pathological Anatomy, and Anatomy). As far as discrimination measured with the average of the point biserial correlation coefficient is concerned, only two subjects were considered excellent (Bioethics and Genetics), eleven showed good discrimination (Oncology, Ophthalmology, Communication Skills, Anesthesiology), Hematology, Endocrinology, Otolaryngology, Pneumology, Immunology, Palliative Care, and Cardiology), seven subjects were classified as poor (Dermatology, Emergencies, Plastic Surgery, Anatomy, Vascular Surgery, Geriatrics, and Pathological Anatomy) and the remaining 16 subjects were classified as regular.
On the other hand, for the discrimination index calculated according to the IRT, the average value of discrimination was 0.677, which falls into the regular category, with a standard deviation of 0.443.
For the difficulty index calculated according to the IRT, whose values are presented in the same table, there were no commonly accepted cut-off points like those of the previous coefficients that allowed us to classify the results obtained by subject. It should be noted that the mean value of the difficulty coefficient of all the examination questions was -0.389, with a standard deviation of 13.143.
Analysis of the Exam Questions Grouped by Logs or Blocks
The 36 subjects were grouped into three trunks or blocks, as shown in Tables 2 and 3 . Table 4 shows the values of the difficulty indices, difficulty with correction of the random effects, discrimination, and point biserial correlation index in each block of questions. For the three blocks of subjects considered, the average of the values of the difficulty index were quite similar with a maximum difference between groups of 0.102. In the case of the difficulty index with correction for random effects, the maximum difference was 0.127.
In the classification relative to the average of the discrimination index, there were differences in interest between the three blocks into which the questions were divided, with the most discriminatory block being that of Other specialties, followed by Systems and Basic science. On the other hand, the averages of the values of the point biserial correlation index for the three blocks were very similar.
Analysis by Question Type
Following the criteria used in previous publications [9, 11, 12] , the questions were classified into four categories: clinical cases, clinical cases with image, negative questions, and test questions. Table 5 shows the results of the indicators analyzed for each of the question types. In both the difficulty index and the difficulty index with correction of the random effects, the questions regarding clinical cases with an image were of greatest difficulty, followed by test questions, then negative questions, and finally, clinical cases without an image.
The discrimination index shows that the test questions were the most discriminative questions, followed by negative questions, clinical cases, and finally, clinical cases with an image. From the point of view of the point biserial correlation coefficient, the questions with the highest value in this index were the negative questions, followed by clinical cases, test cases, and finally, clinical cases with an image. For the discrimination coefficient calculated according to IRT, the resulting order of classification was the same.
The IRT difficulty index was also calculated for the examination questions, divided both by blocks and by question type. The values obtained for the different blocks were as follows: Systems −3.142 (12.560), Basic science 0.869 (5.801), and Other specialties 2.311 (14.590) . For the questions divided by type, the order was as follows: clinical case with image −2.802 (17.640), clinical case −0.865 (4.801), test 0.156 (22.021), and negative 1.809 (13.890). 
Discussion
With regard to the limitations of this study, it should be noted that unlike the publications produced by the Spanish Ministry of Health [10] , which provide information on all those examined in each call, only 3868 people who took the MIR test were available for this study. Note that the most recent work on the psychometry of the MIR questions published by the Ministry dates back to 1993.
In addition, it should be borne in mind that the sample in this study was made up of people who entered their examination answers into the web application. This represented 27.31% of the total number of doctors who took the exam, but we are aware of the selection bias because self-selection was involved. Note that the median of the net points for the doctors in the sample was 119.67, while that of the overall population, according to the results of the Ministry's lists of results, was 102.83. Finally, in our analysis, we carried out a quantitative study of the questions only, without going into how they were written [15] . A strength of this study is that we analyzed the test by combining CTT with IRT, and another strength is the size of the available sample.
The average value of the difficulty index of the 2018 test was 0.629, a very similar result to that of the average of the tests taken between 2009 and 2017 [12] . The average difficulty index with correction for the effects of chance had a value of 0.515, lower than the 0.5552 average of the tests from 2009 to 2017 [12] . In this case, the exam with the closest value was that of 2010 with a value of 0.5142 [12] .
The average discrimination index of all test questions was 0.277, which was below the average from 2009 to 2017, which was 0.3203, although it was an improvement on that of the tests of 2016 (0.2552) and 2017 (0.2407).
Furthermore, the average of the point biserial correlation coefficient presented an average value of 0.275 in the 2018 test, which is lower than the average from 2009 to 2017 [12] , although it is slightly better than the values of the 2016 and 2017 tests (0.2693 and 0.2556, respectively), which have the values closest to those of the 2018 examination.
The average value of the difficulty of the test calculated according to the two-parameter model of the IRT was greater than the average difficulty of the test from 2010 to 2017 [12] . Thus, in the case of the 2018 examination, the average difficulty value was -0.384, while the average difficulty values of the time series of tests analyzed was −0.7692 [12] . The 2018 MIR test, evaluated by this metric, is therefore the second most difficult in the 10-year time series. Please note that the values of the IRT parameters considered for this comparison were obtained for the test of each year using the available sample and without performing any kind of calibration, as there was neither a common sample nor common items in these years.
With regard to the average value of discrimination, which was also calculated following the model of two parameters of the IRT, the result obtained was 0.677, which is somewhat lower than the average of the tests taken between 2009 and 2017 (0.7617) [12] even though it is in fact, a result very close to that of the 2017 exam.
Conclusions
The results show a slight reduction in the values of discrimination in the last three calls. From our point of view, this fact may be related to the presence in these calls of a greater number of recent Spanish graduates, most of whom completed the test to gain access to specialized health training (MIR) in the same year as they completed their studies of Medicine. This subset may have very similar levels of knowledge to each other, which would make it difficult to discriminate between them through the test questions. This hypothesis could be confirmed or refuted if the analysis were carried out of all those taking the test segmented by year of graduation and nationality; however, this data is available only to the Spanish Ministry of Health.
Limitations and Recommendations
One of the main limitations of this study is that we did not analyze the information of all the exam candidates, only a subset of them, which in the case of the 2018 exam represented 27.31% of the total. This database cannot be considered as a random sample of the total population as it has a bias. The bias is due to the higher probability that students with higher marks will voluntarily enter their answers/results into the web application. Although the methodology we employed was the same as that used in the all years under comparison, it did not allow us to obtain a complete picture of the MIR test because the profiles of exam candidates that took part in this study do not exactly match those of the overall population. However, despite these limitations, we consider that this research is of interest as the profiles of those candidates who entered their exam results into the website will remain stable and be available in the future, and also, as far as it is known by the authors, there are no other studies on MIR exams with either a bigger or an unbiased sample that have been performed since the one [16] that analyzed the results of exams in 2005 and 2006, and which was published in the Spanish language. Another possible limitation of this study is that we only performed a quantitative psychometric analysis, without taking into account any qualitative factors relating to the questions, for example, how they are written, what kind of words are employed, etc.
As we have indicated previously, it would be interesting to repeat this analysis using the answers of all examinees and not only those who entered their answers into the web application, thereby constituting a non-random sample. In order to make this possible, we encourage the ministries in charge of the test to make publicly available the anonymized information about the answers of all individuals to each question of the test, so that researchers can use them.
Finally, we believe that the use of this information by the members of the technical committee would also be of interest. This is because, in our opinion, analysis of the psychometric performance of the questions prior to the cancellation process by the technical committee, would improve such a process, as it would not only take into account the number of claims presented for each question or how the questions are written but would also consider the psychometric parameters of the questions.
